A resource recovery from waste material is an important topic. Microbial fuel cell (MFC) is getting interest nowadays due to its superiority to generate electricity from a wide range of substrates by utilizing organic wastes. This study was aimed to investigate the potential electricity generation by utilizing animal dung and leaf mold as a very prospective substrate for bioelectricity generation using MFC. MFC as a direct current source (DC), in this experiment we focus to prove the potential difference (voltage) generated by the material. The best result is 10980 ± 11.32 mV/m 2 for a mixed sample of Test V (leaf mold and soil), while for the pure samples showed at 10880 ± 4.784 mV/m 2 for Test IV (chicken dropping). The advancements in this environmentally friendly study have expanded that cow dung, chicken droppings and leaf mold as a variety of organic wastes which contains large amounts of nutrients and various other minerals, as a microbial fuel cell proved to generate sustainable green and safe electricity moreover as an efficient, eco-friendly solution for organic waste management.
Introduction
Our society is facing a serious energy crisis and resource recovery from organic waste. It about 1.3 billion people in the world live without access to power. Table 1 illustrates some regions in the world where still lie in no electricity. Source: reprocessed from https://www.washingtonpost.com/graphics/world/world-without-power/ Search of alternative energy such as organic waste resource recovery is an important topic. The organic waste which generated has increased rapidly over the last few decades and a major portion of the total solid waste in developing countries is organic waste, and it is not properly treated for resource recovery such as investigated by Sujauddin, Huda and Hoque (2008) [1] that solid waste management (SWM) is a multidimensional challenge faced by urban authorities, especially in developing countries, while Moqsud, M.A. (2003) [2] and Zurbrugg et al., (2005) [3] studied the organic waste can be effectively recycled by composting. If about 15% of the waste is abandoned in the environment without any treatment or it is not properly treated for resource recovery, they entail unique problems as shown in Table 2 .
Whereas, the organic wastes contain large amounts of nutrients and various other minerals. Cristiani et al.(2013) [4] considered the advancements in environmentally friendly technologies have expanded the variety of organic wastes and renewable biomass types that could act as potential substrates to produce electrical energy or other high-value added products. Table 3 shows the nutritional values of organic wastes and soil used in this research.
Mostafa et al. (2011) [5] considered one of the renewable energy sources to produce electricity is fuel cells (FC). Moqsud, Omine and Yasufuku (2012) [6] and Moqsud et al. (2013) [7] investigated some previous studied for MFC use the available substrates from renewable sources and convert them into harmless by-products with the simultaneous production of electricity. [26] considered the production of electricity or biofuels using innovative technologies and renewable sources is a global priority in terms of energy strategies. This research becomes very important and very interesting because of the increasing need for alternative energy while the amount of non-renewable fuel is decreasing. MFC has been well established for almost one hundred years. However, Jessica Li (2013) [27] investigated this capability did not exceed laboratory-based experiment until the 20th century when research on this subject and the creation of MFCs received sporadic approach. The objective of this study is to focus on and prove the ability of some cheap and abundant-organic wastes such as cow dung, chicken dropping and leaf mold mixed with soil as a very prospective substrate for bioelectricity generation. Thus, it develops a microbial fuel cell that generates green and safe electricity using animal dungs and leaf mold mixing with soil as an efficient, renewable and an eco-friendly solution for organic waste management.
Materials and Methods

Experimental Materials and Laboratory Instruments
To conduct the experiments which was done in Department of Civil and Environmental Engineering of Yamaguchi University-Japan, some materials were prepared such as carbon felt, soil, cow dung, chicken droppings, leaf mold, effective microorganisms/EM (commercially available from EM Kenkyusho, Shizuoka, Japan), acrylic rectangular chambers, volt meter, resistors, iron wires, alligator clips, capacitor and some supporting test equipment.
The EM which used in this work was for each case to start the bioelectricity generation and to reduce possible odour from organic wastes during the investigation. The Soil which used in whole experiments were sampled in the 10 cm layer of natural Tokiwa Park soil, located in the plant area of Tokiwa Park (33˚57'02.9''N, 131˚16'47.5''E) at Ube city, Yamaguchi Prefecture, Japan. The soil used in this work as they are thought to increase not only the physical volume of samples properties and the optimum content but it also to increase the nutrient ability supplying food for microorganism to generate electricity. A 16 V 1000 µF capacitor was used in this research to store the electric energy, to reduce the voltage with less power wasted and to keep constant voltage. Carbon felt type of Kreca Felt X F 210-X was used. Some advantages that arise in using of carbon felt such as a large surface area that offers sufficient reaction sites for the electron-transfer re-actions, their suitability for mass production and good process ability, but their properties vary with the raw material used for their fabrication.
The property of the electrodes shows at Table 4 . Furthermore, Figure 1 show the SEM images of carbon felt as electrodes. The cow dung were taken from the Department of Agriculture, Yamaguchi University at Yoshida campus, Japan.
The chicken droppings and leaf mold were collected from Japan Agricultural Office, Ube city branch.
MFC Assembly
In this study the MFCs employed a blend of some organic wastes and soil which over a testing time within 21 days. Figure 2 describes the schematic diagram for the MFC in this study. Then, an amount of each organic waste (400 g), 400 g of soil and add 4 g of EM were blended with added 150 ml of water until mixed completely. ). Both the anode and cathode were connected by a single iron wires and had a fixed external capacitor and a resistance (100 Ω) used as the load for the power being generated which measured by volt meter daily. The laboratory tests were conducted under a constant room temperature of 25˚C. Experiments were conducted with pure samples and mixed samples.
In the anode compartment of MFC devices, microorganisms metabolize a substrate such as sugar in absence of oxygen, and they produce carbon dioxide, protons and electrons as describe below:
When oxygen is supplied from air to the cathode, following reaction is proposed:
Loss on Ignition Test (LOI) of the Samples
Since the publication of the paper of Dean (1974), loss on ignition (LOI) has been widely used as a method to estimate the amount of organic matter. [28] evaluated LOI test is a common and widely used method to examine the organic compounds. We conducted LOI test of the four samples used in this research. The content of organic matter is to have greatly influence to the amount of power generation in this microbial fuel cell. Table 5 shows the LOI test results of the four samples. The sample which contains the most organic matter of 87.24% is cow dung. The lowest value of 20.33% is for soil. It is considered that more organic substances in a mixture of organic waste with soil that can influence on more voltage generation than soil only.
ANODE / CATHODE
Experiments on Pure Samples
4 samples of 400 g of cow dung, chicken droppings, leaf mold, and soil were prepared and investigated separately. Then they were added in to the each acrylic rectangular after blended completely. All samples parameter condition was showed by Table 6 as described below.
Experiments on Mixed Samples
Soil and organic wastes in this work were mixed with a ratio of the same volume to generate bioelectricity in a microbial fuel cell (MFC). Quanguo, Jianjun and Du (2016) [29] investigated MFC as a device that can convert chemical energy in influent substances to electricity via biological pathways. As there are many microorganisms in the soil. Fedorovich et al. (2009) [30] and Juang et al. (2011) [31] studied the bacterial communities in MFC known exoelectrogenic bacteria in an acetate-fed MFC. In microbial fuel cells (MFCs), many microorganisms work in a consortium state, meaning they are not in the same pure colony, but class of bacteria from the genus geobacter unique because it can produce like filaments that act as nanowires to transfer electrons from outside the cell to the insoluble electron acceptor such as iron minerals and most likely to electrodes. It is considered that more voltages can be obtained by mixing soil with organic matter. Moreover, the blended soil and some of organic waste in this work as they are thought to increase the physical volume of samples properties and it increases the nutrient supply ability for microorganism. The type and number of microorganisms which survive are different by region in the distribution of the soil. The mixture of organic constituents in the waste and microorganisms in the soil are expected to lead the higher values of output voltage. Table 7 illustrates the parameter condition for mixed samples.
Measurement
Since MFC is the source of direct current (DC), in this experiment we calculate the magnitude of the potential difference (voltage) between the anode and cathode poles. The voltage which generated across the resistor and capacitor was monitored every day at 1 pm. It is estimated that at that time is the most appropriate time for research measurement. In this research, we present the MFC's electric potentials in volts per square meter because of the difference in electrical potential between the two electrodes in the MFC circuit as the main-focus and related to the advanced plan of this research that we want to know the potential of electricity generated when coupled series due to differences potential resulting by each MFC reactor. Polarization curve and power density-current curves were investigated as described by Logan and Regan (2006) [32] who formulated polarization curve and power density-current curves by using different resistors and internal resistances and power densities. Electrode output was measured in volts (V) against time. The current I in amperes (A) was calculated using Ohm's law,
where V is the measured voltage in volts (V) and R is the known value of the external load resistor in Ohms (100 Ω in this study). From this, it is possible to 
P I V = × (4)
The power density and current density was calculated using:
( )
where α is the electrode area. Normally, the anode area is taken as the electrode area. For example, if the electrode material is rectangular the area will be simply the length multiplied by width. Furthermore, the root-mean-square deviation (RMSD) is used as a statistical analysis which is a good accuracy measurement. It serves to aggregate the magnitudes of various errors into a single measure. The RMSD is used to compare differences that may vary, neither of which is accepted as the result within the total period of the experiment. for pure samples of Test IV, Test II, Test III, and Test I, respectively. It is described that for the pure samples, until 21 days of monitoring an increasing-decreasing trend in between each 2 -9 and 11 -17 days of output voltage were observed in the MFCs, and most of increasing trend among 2 -9 days in all the MFCs. However, among 2 -5 days as initial stage were obtained the highest peaks of voltages in all experiments, then the electricity production of a MFC gradually decreases over period of 15 days. Moqsud, Bushra and Rahman (2011) [33] investigated during the initial stage since the bacteria got ample food and their activities increased very rapidly and because the samples were used several hours after collection, the bacterial colony might have already grown exponentially. The bacteria naturally produce electricity through their ability to degrade organic compounds in the sample. The growth of microorganisms in general depends on the condition of foodstuffs and the environment. If food and environmental conditions are suitable for these microorganisms, then microorganisms will grow with a relatively short time and perfect. For that reason, the voltage increased sharply. Afterwards by the time the samples were used to power the MFC, the bacteria might have already begun depleting their resources and the supply of food was used up by the bacteria as Moqsud et al. (2014) [34] stated in their study, then the electricity production decreased steadily over the period of 15 days.
Results and Discussion
Bioelectricity Results in MFC
Experimental Results from Mixed Samples
The comparison for changes in voltage among triplicate models of mixed samples is shown by Figure 4 . In this case, it shows the result of mixed samples [35] and Hamzah (1983) [36] investigated compost is rich in nutrients and organic matter which supports the growth of microorganisms.
Polarization Curve for MFCs
The polarization curves of the MFC using mixed sample are illustrated in Figure 5 .
A polarization curve is used to characterize current as a function of voltage.
They show how well the MFC maintains voltage as a function of the current production. The trend of the polarization curve was very much similar with the polarization curves which have been found in other literature concerning MFCs as studied by Logan and Regan (2006) [32] .
It shows that the maximum power density of 79.885 ± 1.7 mW/m 2 for Test V and 71.76 ± 1.11 mW/m 2 for Test VI. The power densities showed an incremental trend with decreasing external resistance and reaches a peak value. After that, the power densities began to fall with increasing current density, which indicated typical fuel cell behavior. Figure 6 are given in Table 8 . Maximum electric power is calculated from the linear relationship between voltage and current.
Relationship between Voltage and Current in the MFCs
Carbon Felt as Electrode Materials
After the tests, to examine the performance of organic waste, anode and cathode, they were removed from the fuel cells and were checked by electronic microscopes. It was observed that on most parts of the anode or cathode, there were parts of organic waste that was still firmly bonded to the carbon felt. These findings indicate that the good bonding for each sample might have acted as bonding agent for the electron. The bonding area and number of bonding area of the organic wastes and the electrodes shows that they can catch and discharge the electrons and more number of them show that more electron can catches by or discharge by them. So, the organic waste can work optimally with carbon felt as the electrode materials, as results shown in Figure 7 (a) which shows the SEM images of organic waste as compost and Figure 7 (b) shows of good bonding between organic waste and electrode. The energy dispersive spectroscopy (EDS) spectrum is presented in Figure 8 . Energy dispersive spectroscopy was employed to identify the presence of element of carbon felt and persimmon waste. The EDS spectra Figure 4 show the presence of 86.25% carbon, 10.52% oxygen, 0.37% sodium, 1.16% aluminium and 1.69% silicon. The appearance of aluminium and silicon on EDS is due to the use of silicon as a sample coating and aluminium as a sample plate. Journal of Sustainable Bioenergy Systems 2) It proved that animal dungs and leaf mold as a variety of organic wastes contains large amounts of nutrients and various other minerals. It can improve to be more valuable as a microbial fuel cell to generate green and safe electricity, moreover, as an efficient, eco-friendly solution for organic waste management. This is a useful method of green and safe energy. Therefore, bioelectricity can be produced using mixed samples of organic waste and soil.
